We report the results of characterization of nonlinear refractive index of the composite material produced by MeV Ag ion implantation of LiNbO 3 crystal (z-cut) The material after implantation exhibited a linear optical absorption spectrum with the surface plasmon peak near 430 nm attributed to the colloidal silver nanoclusters Heat treatment of the material at 500°C caused a shift of the absorption peak to 550 nm The nonlinear refractive index of the sample after heat treatment was measured in the region of the absorption peak with the Z-scan technique using a tunable picosecond laser source (4 5 ps pulse width). The experimental data were compared against the reference sample made of MeV Cu implanted silica with the absorption peak in the same region
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Introduction
Solids containing metal colloidal nanoclusters are of great interest due to their nonlinear optical properties [1 -7] The third-order optical susceptibility is large, and the nonlinear optical
The submitted manuscript has been authored by a contractor of the U S. Government under contract DE-AC03-96OR22464. Accordingly, the U S Government retains a nonexclusive, royal-free licence to publish or reproduce the published form of the contributors, or allow others to do so for U S Government purposes response time is in the picosecond regime Ion implantation has been shown to produce a high density of metal colloids in glasses and other materials The high-precipitate volume fraction and small size of nanoclusters leads to values for the third-order susceptibility much greater than those for metal doped solids [2, 3, 4, 6] This has stimulated interest in use of ion implantation to make nonlinear optical materials On the other side, LiNbOa has proved to be a good material for optical waveguides produced by MeV ion implantation [8, 9] Light confinement in these waveguides is produced by an optical isolation barrier with low refractive index in nuclear stopping region of the ions Implantation of LiNbO 3 with MeV metal ions can therefore result into nonlinear optical waveguide structures with great potential in a variety of device applications [10] We present the results of characterization of linear absorption and nonlinear refractive index of LiNbO 3 -based composite material produced by silver ion implantation
Experimental
The sample was made of 1-mm thick LiNbO 3 ( z-cut) implanted with 1.5-MeV Ag ions to a dose of 2 Oxl0 is cm' 2 Implantation was done at room temperature. [12] ) and the half width of the absorption peak, respectively [13] In our case R « 1 1 nm. Heat treatment after the implantation at 500°C for 1 hour lead to the red shift of the absorption peak to 550 nm ( Fig 2) without significant change of Aa),/2 (and, correspondingly, of the radius R ). Shane, et al proposed to explain this effect as a result of the volume fraction increase due to Ag precipitation near the surface [14] Another likely contributing factor is that the heat treatment is working to remove implantation damage [15] LiNbOs implanted with 190 keV Ag at lxlO' 7 -cm" 2 fluence has been shown to undergo full epitaxial regrowth after heat treatment at 400°C but an anneal of 800°C for 1 h is necessary for full removal of the implantation damage [16] At the end of range ions implanted into LiNbO 3 have been shown [8, 15] to decrease the index of refraction by over 5 percent Reducing the host index by 5 to 10 percent would result in a shift of the expected absorption peak for Ag from 520 nm to approximately 480 nm
The nonlinear refractive index of the sample after heat treatment was characterized using the Z-scan technique [15] The laser source was a tunable dye laser (with laser dye Rhodamine 6G) pumped by a frequency-doubled mode-locked Nd YAG laser (76-MHz pulse repetition rate) The tuning range was 555 to 600 nm The average power of the laser radiation applied to the sample varied from 100 to 350 mW Special attention in performing the Z-scan measurement was paid to the temporal profile and duration time of the laser pulse and also to the beam spatial profile (should be maintained Gaussian) and beam width [17, 18] Figure 3 shows the autocorrelation trace of the laser pulses used in the experiment. The trace is typical for the pulse profile between the narrowest transform limited one and the Gaussian profile [19] Half width of the autocorrelation trace (7 5 ps)
gives the pulse duration (FWHM) 4 5±0.8 ps To verify the Gaussian spatial profile of the laser beam and to evaluate the beam width, we used a variable iris aperture centered with the beam (12.82±0 52)xlO' 9 cmVW and (4 02±0 30)xlO' 9 cmVW < n, < (6 82±0 28) xlO" 9 cm 2 AV for silver and copper respectively) are at least one order of magnitude greater than those for similar materials reported in the literature [4, 18] This indicates the presence of the cumulative thermal self-focusing effect which can be still significant for short laser pulses (pulse duration time is less than 10 ps) but relatively high pulse repetition rate (76 MHz in our case versus 3 8 MHz in Ref 4) 3. Conclusions 
